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(54) Oscillating liquid column wave 
energy converter 

(57) A converter comprises vertical 
sealed tube 1 0 open at its bottom In 
which upward and downward 
movement of a master column 1 1 of 
liquid takes place under periodic 
hydrostatic x-sssuft ^ .Litavi A 
second, U-shaped, tube 1 5 
communicates with a turbine 1 6 and 
contains a second column of liquid 1 7 
having a higher natural frequency of 



oscillation than the master column 1 1 
and similar to that of the wave 
frequency. As the column 1 7 rises, it 
closes a port 14 to retain the master 
column 1 1 stationary, but the port 14 
re-opens as column 1 7 falls. By this 
means the column 1 7 maintains the 
oscillations of master column 1 1 
lathed in oh* ,c '~ **■{*$ " u ~ -v?*"* 

r*v m rtf its 

.Ttovemc?. * t jwards one end of Its 
oscillations and the master column 
can be ma ie much shorter than 
otherwise would be the case. 
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SPECIFICATION 65 
Oscillating liquid columns 

This invention relates to oscillating liquid 
columns particularly although not exclusively for 
6 use in wave energy converters. 70 
There have already been proposed various 
methods of arranging waves to act directly or 
indirectly on columns of water or other trapped 
liquid columns to cause movement of the liquid 

1 0 columns up and down. Movement of the liquid 75 
columns is used to drive a turbine or like device 
directly or via another liquid or gas moved by and 
in svmppthv with the liquid column. , 

\si< z ;c :^rc,.m;.i ;r. cr.y efficient r^dllst 1 ^ 

? ''■< liquid column arrangement 10 provide a liquid 80 
column having a natural frequency at least similar 
to the frequency of the waves that cause the 
oscillation of the liquid column. At present this 
means that massive and in particular very long 

20 columns of the order of say 20 metres are 85 
required. Although the overall space required can 
be reduced by using a U-shaped or other more 
convoluted-shaped columns, the provision of such 
lengths and shapes represents a serious handicap 

25 In particular to present day wave energy 90 
converters. 

It is an object of the present invention to 
provide an improved liquid column arrangement. 
According to the invention, there is provided a 

30 liquid column arrangement for a wave energy 95 
converter including a first tube containing a first 
liquid medium column and so connected to a body 
of water that upward and downward movement of . 
t!v: !!c:jM nuv&Yi: rlumn Is produced by cht^K/r 

water, said first liquid column having a natural 
frequency substantially greater than the frequency 
of the wave motion, and a second tube in 
. communication with the first tube and containing 

40 a second liquid medium column likewise acted 105 
upon by the wave motion and having a natural 
frequency at least substantially equal to the wave 
motion, the arrangement being such that 
movement of the second liquid column Is caused 

45 to periodically inhibit movement of the first liquid 110 
column towards at least one end of its oscillations 
so as to maintain oscillations of said first liquid 
column substantially in phase with the wave 
motion. 

50 A wave energy converter having a liquid column » 115 
arrangement according to the invention will now 
be described by way of example, with reference to 
the accompanying drawing which shows 
schematically part of a liquid column arrangement 

55 for use in the wave energy converter. 120 
In the drawing, a vertical sealed tube 10 
containing a master liquid column 1 1 extends 
about 5 metres above the surface of a body of 
water 1 2 from a depth of approximately 1 0 

60 metres below the surface. The master column has 

a natural frequency of about 0.2 cycles per 1 25 

second. The tube 1 0 is open at the bottom {not 
shown) so that the master column 1 1 moves up 
and down under periodic hydrostatic pressure 



variations caused by waves on the surface of the 
body of water 12. 

There is air above the surface of the master 
column 1 1 and a ledge 1 3 over which the air can 
pass Into a port 1 4 extending into a second U- 
shaped tube 1 5. The tube 15 extends upwards to 
a turbine 1 6 at one end and hs other end 1 5A Is 
positioned below the surface ftf the water 1 2. The 
effective length of the tube 1 5, is such that a 
second column of water 1 7 in the tube 1 5 has a 
natural frequency of oscillation similar to that of 
the water motion, about 0.1 cycles per second and 
higher than the frequency of the master 
column 11. 

tiiw.Vu ooi^ ti: i ■ <>..»-• sk*conu c^u»nn 17. 
When the second column 1 7 rises towards the 
turbine 1 6 ft closes the port 1 4 to inhibit further 
upward movement of the master column 11. The 
column 1 7 continues to rise and as long as the 
port 1 4 is closed the master column tends to be 
retained stationary. The column 1 7 then falls In 
sympathy with the wave motion and the second 
column falls when the port 1 4 opens. The master 
column 1 1 moves downwards under the 
hydrostatic forces then being applied by the wave 
motion. ^ 

The sequence of column movements is 
repeated in periodic fashion with the result that 
the oscillations of the master column 1 1 are 
maintained substantially in phase with the wave 
motion, due to the opening and closing of port 1 4. 
By this arrangement the master column can be 
made much shorter than otherwise would be the 
c?2s vJkzn Its lens* r *qy?rcd to extern 

eb3Lt2^ cnsh^Vs.-:. z* ths? v%tv- 

Even if the master column were made U-shaped, 
considerable saving in length can be achieved by 
using said second tube and in such an 
arrangement a tube similar to tube 1 5 is 
preferably provided to inhibit movement at the 
other end of oscillation of the master column 1 1 . 

One significant further advantage in 
arrangements of this invention is that oscillations 
of the master column are controlled to maintain 
the master column in phase with the wave motion 
without using movable valves or independent 
wave motion sensing devices. 

It will be noted in the described example, that 
the tube of the master column may be totally 
submerged beneath the surface of the water. 

Whereas the description refers to wave energy 
converters, a liquid column arrangement 
according to the invention can be used in other 
applications when an oscillating master column is 
maintained in phase with liquid column disturbing 
forces by a second column which operates to 
latch' the master column to the frequency of the 
disturbing forces. 

CLAIMS 

1. A liquid column arrangement for a wave 
energy converter, including a first tube containing 
a first liquid medium column and so connected to 
a body of water that upward and downward 
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movement of the liquid medium column is 
produced by changes in hydrostatic pressure due 
to wave motion in the water, said first liquid 
column having a natural frequency substantially 
greater than the frequency of the wave motion, 
and a second tube in communication with the first 
tube and containing a second liquid medium 
column likewise acted upon by the wave motion 
and having a natural frequency at least 
substantially equal to the wave motion, the 
arrangement being such that movement of the 
second liquid column is used to periodically inhibit 
movement of the first liquid column towards at 
least one end of its oscillations so as to maintain 

in phase whh vrfe wave moibfi. 



2. A liquid column arrangement according to 
Claim 1 , in which there is a separate third tube 
containing a third liquid column, the arrangement 

20 being such that movements of the said second - 
and third liquid columns are used periodically to 
inhibit movement of the first liquid column 
towards said one and the other end of its 
oscillations respectively. 

25 3. A liquid column arrangement according to 
Claim 1 or 2, in which at least the first liquid 
column is provided with gas in communication 
with the liquid column and including a turbine 
arranged to be driven by movement of said gas. 

30 4. A wave energy convenor having a liquid 

des^ibed with re/erenca to the drawing. 
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